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(&4) Title of the Invention 

Nucleic Acid Analysis Method 



(67) Abstract 

Objective: 

To simultaneously analyze the types and amounts of multiple mRNAs. 
Constitution : 

The lengths of DNA probes 101, 102 and 103, each to hybridize to multiple target mRNAs, are 
varied in order to alter the mobilities of the DNA probes so as to allow for identification by 
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electrophoresis, and the multiple mKNAs are then identified and simultaneously analyzed. Only those 
DNA probes that have hybridized to the mRNAs are collected, whereupon these DMA probes that have 
hybridized respectively to the multiple mRNAs are released by temperature elevation, followed by 
electrophoresis. The DNA probes are thus separated and detected based on mobility differences. 
Qualitative and quantitative analyses are then carried out in order to investigate the types and amounts of 
mRNAs. The DNA probes are labeled via fluorophore 50, dye, radioactive element, cherniiuminescent 
substance and the like. 



Patent Claims 

Claim 1. A method for analyzing nucleic acids, characterized by comprising a process wherein reagent 
containing multiple DNA probes having different respective mobilities is added to a sample containing 
multiple nucleic acids, so that the DNA probes with different respective mobilities hybridize to the 
aforementioned multiple nucleic acids, a process wherein excess DNA probe that has not hybridized to 
aiy of the nucleic acids is removed, a process wherein the DNA probes that have hybridized to the 
aforementioned nucleic acids are released from the nucleic acids, and a process wherein the DNA probes 
that have been released are separated and detected based on their different mobilities, where the types 
and amounts of the multiple nucleic acids are analyzed simultaneously. 

Claim 2. The method for analyzing nucleic acids according to Claim 1, characterized in that the 
aforementioned sample is obtained by using electrophoresis to fractionate nucleic acids in a specimen 
containing multiple nucleic acids to produce nucleic acids of different lengths. 

Claim 3. The method for analyzing nucleic acjds according to Claim 1 or 2, characterized in that the 
separation carried out in the aforementioned process where the released DNA probes are separated and 
detected is carried out by electrophoresis using polyacrylamide gel as the electrophoresis medium. 

Claim 4. The method for analyzing nucleic acids according to any one of Claims 1-3, characterized in 
that the DNA probes that have hybridized to the respective aforementioned multiple nucleic acids have 
been provided with different respective mobilities by means of varying their lengths. 

Claim 5. The method for analyzing nucleic acids according to any one of Claims 1-3, characterized in 
tiat the DNA probes that have hybridized to the respective aforementioned multiple nucleic acids have 
been^ provided with different respective mobilities by means of changing their physical properties by 
dhemical modification of said probes. 

Claim 6. The method for analyzing nucleic acids according to any one of Claims 1-5, characterized in 
that the process whereby the DNA probes that have hybridized with the aforementioned multiple nucleic 
£.cids are separated from the nucleic acids is carried out by temperature elevation. 

Claim 7. The method for analyzing nucleic acids according to any one of Claims 1-6, characterized in 
that the aforementioned DNA probes are labeled with a radioactive element. 

Claim 8. The method for analyzing nucleic acids according to any one of Claims 1-6, characterized in 
tfcat the aforementioned DNA probes are labeled with a fluorophore. 



IlnterLingua 
Linguistic Services, Inc. 
(3 1 0)792-3636/Fax(3 10)792-3642 
E-mail: jap anese^aol.cotn 
2 



12/03/1998 82:23 3107923642 



INTERLINGUA 



PAGE 04 



Cijaim 9. The method for analyzing nucleic acids according to any one of Claims 1-6, characterized in 
thit the aforementioned DNA probes are labeled with a dye. 

Claim 10. The method for analyzing nucleic acids according to any one of Claims 1-6, characterized in 
that the aforementioned DNA probes are labeled with a chemiluminescent substance. 

Claim 11. The method for analyzing nucleic acids according to Claim 7, characterized in that the 
radioactivity from the radioactive element used to label the aforementioned DNA probes is detected. 

Claim 12. The method for analyzing nucleic acids according to Claim 8, characterized in that the 
fluorescence from the fluorophore used to label the aforementioned DNA probes is detected. 

Claim 13. The method for analyzing nucleic acids according to Claim 9, characterized in that the light 
absorption due to the dye used to label the aforementioned DNA probes is detected. 

Claim 14. The method for analyzing nucleic acids according to Claim 10, characterized in that the 
chemi luminescence from the chemiluminescent substance used to label the aforementioned DNA probes 
is detected. 

Claim 15. A method for analyzing nucleic acids, characterized by comprising a process wherein reagent 
containing multiple DNA probes having different respective mobilities is added to a sample containing 
multiple nucleic acids, so that the DNA probes having different respective mobilities hybridize to the 
respective aforementioned multiple nucleic acids, a process wherein excess DNA probes which have not 
hybridized to any of the nucleic acids are removed, a process wherein the sample obtained by the 
aforementioned processes is introduced into an electrophoresis medium and is separated by a first 
electrophoresis, a process wherein the DNA probes in the aforementioned electrophoresis medium that 
have hybridized respectively to the aforementioned nucleic acids are released from the respective 
aforementioned multiple nucleic acids, and a process wherein separation and detection are carried out by 
a second electrophoresis employing the differences in the mobilities of the DNA probes that have been 
released, where the types and amounts of multiple nucleic acids are analyzed simultaneously. 

Claim 16. The nucleic acid analysis method according to Claim 15, characterized in that the 
electrophoresis medium used in the aforementioned first electrophoresis is agarose. 

Claim 17. The nucleic acid analysis method according to Claim 15 or 16, characterized in that the 
aforementioned second electrophoresis is carried out using polyacrylamide as the electrophoresis 
medium. 

Claim 18. The nucleic acid analysis method according to any of Claims 15-17, characterized in that the 
aforementioned DNA probes are separated and detected by means of two-dimensional electrophoresis. 

Claim 19. The nucleic acid analysis method according to any one of Claims 15-18, characterized in that 
the aforementioned process whereby the excess DNA probe is removed comprises a process wherein the 
sample introduction opening in the aforementioned electrophoresis medium is sealed with a 
semipermeable film or second electrophoresis medium, and the sample is subjected to electrophoretic 
separation and reverse electrophoresis, thereby separating out the excess DNA probe by causing it to 
migrate into the aforementioned second electrophoresis medium or to pass through the aforementioned 
sjemipermeable film. 
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Claim 20. The nucleic acid analysis method according to any one of Claims 15-19, characterized in that 
the DNA probes which have hybridized to the respective aforementioned multiple nucleic acids have 
b<5en provided with different respective mobilities by varying their lengths- 
Claim 21. The nucleic acid analysis method according to any one of Claims 15-19, characterized in that 
the DNA probes which have hybridized to the respective aforementioned multiple nucleic acids have 
been provided with different mobilities by changing their physical properties through chemical 
modification of said probes. 

C laim 22. The nucleic acid analysis method according to any one of Claims 15-21, characterized in that 
the aforementioned process whereby the DNA probes that have hybridized to the aforementioned nucleic 
acids are released from the nucleic acids is carried out by means of temperature elevation. 

Claim 23. The nucleic acid analysis method according to any one of Claims 15-22, characterized in thai 
the aforementioned DNA probes are labeled with a radioactive element. 

Claim 24, The nucleic acid analysis method according to any one of Claims 15-22, characterized in that 
the aforementioned DNA probes are labeled with a fluorophore. 

Claim 25. The nucleic acid analysis method according to any one of Claims 15-22, characterized in that 
the aforementioned DNA probes are labeled with dye. 

Claim 26. The nucleic acid analysis method according to any one of Claims 15-22, characterized in that 
tie aforementioned DNA probes are labeled with a chemiluminescent substance. 

Claim 27. The nucleic acid analysis method according to Claim 23, characterized in that the radioactivity 
from the radioactive element used to label the aforementioned DNA probes is detected. 

Claim 28. The method for analyzing nucleic acids according to Claim 24, characterized in that the 
fluorescence from the fluorophore used to label the aforementioned DNA probe is detected. 

Claim 29. The method for analyzing nucleic acids according to Claim 25, characterized in that the light 
absorption due to the dye used to label the aforementioned DNA probes is detected. 

Claim 30. The method for analyzing nucleic acids according to Claim 26, characterized in that the 
chemiluminescence from the chemiluminescent substance used to label the aforementioned DNA probes 
is detected. 

Detailed explanation of the invention 
10001] 

flleld of Industrial application 

The present invention pertains to a method for detecting the types and amounts of nucleic acids, 
particularly mRNA (messenger-RNA). 
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[0002] 
Prior art 

A blueprint of the activity of an organism is contained in its DNA. Organisms carry out various 
biological activities after having received external stimuli. Upon being stimulated, the mRNA which is 
associated with this activity first increases, and biological activity is then manifested when the 
cDrresponding proteins are produced. Specifically, active cells produce various types, of mRNA in 
accordance with their state, and since the type and amount of mRNA in the cell is a fingerprint of the 
cellular activity, the condition of a cell or tissue can be apprehended by means of determining the types 
and amounts of its mRNA. Moreover, by investigating the mRNA and the proteins produced therefrom 
for various states, knowledge can be gained concerning biological control and treatment of illnesses. The 
establishment of a method for assaying mRNA types and amounts is thus extremely important from a 
practical standpoint; however, the analysis of mRNA in active cells is labor intensive, and requires a 
g*eat deal of effort. 

[0003] 

In conventional techniques, methods have been employed whereby the proteins related to the 
phenomenon of interest are found, and the mRNAs that code for these proteins are then investigated. 
^Vith this technique, DNA (or RNA) probes that hybridize to the mRNA of interest are employed, where 
tie probes are provided with radioactive labels. By investigating the extent of increase or decrease in 
mRNA based on the various activity levels of the organism, suppositions can be made as to the role of 
tie mRNA. However, mRNA assays are carried out by Northern blotting, where a complete mRNA 
extraction is performed from the organism, whereupon the mRNA is separated by agarose gel 
electrophoresis, and the pattern of the separated mRNA bands is transferred onto Nylon filter or the like. 
Next, a radioactively labeled DNA probe which hybridize to specific mRNAs is applied, and the mRNA 
is labeled when the probe hybridizes to the mRNA. Photosensitive film is then over-laid and the position 
of the tagged mRNA is transferred onto the photosensitive film. By then observing the bands, it can be 
determined whether or not there was an increase or decrease in the mRNAs of interest. 

0OOO4] 

Problems to be solved by the invention 

With the aforementioned conventional technique, the presence or absence of mRNA is 
determined by whether or not the DNA probe hybridizes thereto, and thus only a single type of mRNA 
can be investigated in a single run. However, various mRNAs have interactive effects in vivo via the 
proteins that are produced therefrom, and for this reason, it is necessary for the mRNA content of the 
various mRNAs of each life cycle to be known in order to develop treatment guidelines or a diagnostic 
method for an illness based on an understanding of biological functioning. Specifically, it is necessary to 
simultaneously apprehend the changes in amounts of a few tens to a few hundreds of mRNAs, not just a 
s ingle mRNA. The development of a technique that makes such an analysis possible is desirable. 
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[S005] 

The present invention, in response to this demand, has the objective of offering an mRNA . 
analysis method whereby the types and amounts of mRNAs can be simultaneously investigated. The 
term "nucleic acid" is used in this specification as a term that includes both mRNA and its cDNA 
(complementary DNA). 

[0006] 

Moans to adlve the problems 

In order to attain the objectives described above, the present invention involves the simultaneous 
analysis of a plurality of nucleic acids that are identified by first changing the mobilities of DNA probes 
that hybridize respectively to a plurality of target nucleic acids, specifically, mRNAs or cDNAs 
(jomplementary DNAs), so that the mRNAs can be identified by electrophoresis. The means whereby 
t ie mobilities of the DNA probes are varied can involve a method wherein the length of each of the 
probes is varied, or a method wherein the mobility of the probe as a whole is modified by bonding some 
c f the phosphoric acid groups, base moieties or sugar moieties of the probe to a chemical substance that 
risacts with amino acids. 



1*007] 

The DNA probes which have hybridized to the nucleic acids are then collected, and the DNA 
probes which have hybridized respectively to a plurality of nucleic acids are then dissociated (released) 
from the nucleic acids by temperature elevation, followed by electrophoresis in order to separate and 
detect the DNA probes based on differences in their electrophoretic mobilities. By carrying out 
qualitative and quantitative analysis of these DNA probes, the types and amounts of nucleic acids present 
can be investigated. 

[0008] 

The nucleic acids can be used as-is in a mixture, or alternatively, the nucleic acids can be 
.separated by length using agarose gel electrophoresis in order to prepare fractions. The DNA probes can 
Ihen be allowed to hybridize and analysis can be carried out by the same procedure as described above. 
The multiple nucleic acids that have hybridized to multiple DNA probes, each having different 
mobilities, can then be separated by agarose gel electrophoresis, and the DNA probes that have 
hybridized to multiple nucleic acids can then be released from the respective multiple nucleic acids by 
heating. Then, by separating and assaying for the DNA probes based on their differences in 
electrophoretic mobilities, the size of the nucleic acids and the size of the DNA probes can be analyzed in 
two dimensions in order to investigate the types and amounts of nucleic acids that are present. 

[P009] 

Each of the DNA probes is labeled by a radioactive label, fluorophore, dye, chemiluminescent 
;*ubstance or the like. The DNA probes that have been separated by electrophoresis can be detected and 
dentified by assaying for the radioactivity, fluorescence, light absorption or chemiluminescence in 
accordance with the means that was used to label each of the DNA probes. 
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[0010] 
Action 

Because the mobility differences of the hybridized DNA probes are employed in the 
identification of the types of nucleic acids, it is possible to use a few hundred probes, thus allowing for 
the single separation and assay of hundreds of nucleic acids. Fluorophores also can be used to label the 
DNA probes, and by varying the type of fluorophore and thus the emitted wavelength. DNA probes 
numbering near a thousand can be produced by using a combination of two elements: the length of the 
E*NA probes and the type of fluorophore (fluorescence wavelength). These different DNA probes are 
then allowed to hybridize to the respective multiple nucleic acids that are their targets, whereupon only 
those DNA probes that have hybridized to the nucleic acids are collected. Then, by releasing the DNA 
probes from the nucleic acids through temperature elevation and carrying out a single separatory assay 
far the DNA probes by means of electrophoresis, it is possible to simultaneously determine the types and 
amounts of the nucleic acids. 

[0011] 

Brnbodimtrtta 

An application example of the present invention is described below using Figures 1-3. The 
following explanation is the same whether the target of analysis is rnRNA or cDNA. 

Embodiment 1 

Magnetic beads having polythymine oligomers (dT) n were used for collecting mRNA from cells. 
1Tie details of this procedure are described in the Technical Handbook, Molecular Biology (Dynabeads 
biomagnetics separation system) or in Nucleic Acids Research 18, 3669 (1990). Microtiter plates with 
polythymine oligomers (dT)„ supported on their surfaces can also be used (Nature 357, 519 (1992)). A 
flow chart is shown in Figure 1 pertaining to the preparation of the mRNA samples. As shown in Figure 
I, mRNAs 1-3 have polyadenine oligomers (dA) n 4 at their 3* terminals, and when the magnetic beads 5 
having six porythymine oligomers (dT) n chains are added to the biological sample and mixed, the adenine 
c hains and the thymine chains hybridize, so that the mRNA is bound to the magnetic beads 5 as indicated 
by 7-9. This reaction is carried out in solution. The magnetic beads 5 are then held in a region of the 
vessel 10 using a magnet 12, and the inside of the vessel is washed, thereby removing all matter other 
than the mRNA. The content of the solution obtained in this manner is almost all mRNA, and this 
solution is used as sample. 

10012] 

In this embodiment, 0.1 mg of magnetic beads with attached polythymine oligomer (dT) 26 was 
used, and the mRNA in the biological sample was separated by hybridization. The total amount of 
inRNA attached to the magnetic beads was 0.2 jig. Taking the average chain length of the mRNA as 2 
Ids, this amount corresponds to 2 x I0 n molecules. The copy number of each mRNA contained therein is 
■0 7 -10 8 molecules or less. 
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[0013] 

As shown in Figure 2, DNA probes which will hybridize to the mRNA to be analyzed were 
selected from a cDNA (complementary DNA) database as shown in Figure 2, and the DNA probes were 
prepared by adjusting the constitutive base length and linker length so that the electrophoresis rate 
(mobility) of each of the mRNAs was different. By this means, it was possible to use electrophoretic 
saparation to identify which of the detected DNA probes had hybridized to which of the mRNAs. 

[00141 

The DNA probes can be labeled using 32 P radioactive isotope, but in this example, a description 
v/ill be presented for a case where a fluorescent marker was used and the DNA probes were labeled with 
fhiorophores. The 5* terminals of the DNA probes were bonded to FITC fluorophores (fluorescein 
i^othiocyanate: fluorescent wavelength 515 nm) via amino acids. About 300 DNA probes were used in 
six groups that consisted of 50 DNA probes, each having electrophoretic rates that differed by about two 
bases, with the lengths of the DNA probes being 20 to 120 bases long. As the lengths increased, a 
technique was used wherein inosine or the like was included so that the stability of the hybridomers 
would not vary greatly. These probe sets are referred to as probe sets 1-6. In order to simplify the 
description, Figure 2 presents only the case where probe set 1 is used. 

1*015] 

The amount of each probe in the DNA probe sets was 1 fmol (femtomole). The sample was 
divided into six equivalent portions as shown in Figure 2, and probe set 1 to probe set 6 was added to 
each of the portions, thereby bringing about probe hybridization. A magnet 12 was then used to 
immobilize the magnetic beads, the mRNA attached thereto, and the fluorescently labeled DNA probes 
that were hybridized to the mRNAs, in a region of the vessel 10. and the excess DNA probe was washed 
j.way. In this procedure, the fluorescently labeled probes were bound to the mRNAs that were trapped by 
the magnetic beads, as indicated in 101-103. 

I0016J 

Next, as shown in Figure 3, the probes having different lengths that were bound to the mRNAs 
were electrophoreticaHy separated and analyzed. The DNA probes that had hybridized to the mRNA 
were transferred, along with the magnetic beads, into the upper end of the capillary gel 201. Upon 
introducing sample solution into the upper end 202 (negative electrode vessel, also used as part for 
f ample addition) of the funnel-shaped capillary, and the DNA probes and magnetic beads 210 both 
iiedimented onto the upper end of the capillary. The magnetic beads 210 were then localized in the upper 
end using a magnet 205, and this region was then heated to 90-lOOaoC with a heater 206 so that the DNA 
probes dissociated- An electrophoretic voltage was then applied to both ends of the capillary gel 201 so 
that the dissociated DNA probes 51-53 migrated downwards. The DNA probes could then be 
respectively separated because the probes had different electrophoretic mobilities in accordance with the 
type of mRNA. 

10017] 

The gel used for separation contained 3 wt% cross-linker and 6 wr% polyacryl amide (6%T, 
3%C), which is the same type of gel used in DNA base sequencing (Analytical Chemistry 62, 900 
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( .990)). The gel length for separation was 25 cm, and at this length it was possible to achieve separation 
based oh a single base difference for lengths of up to 400 bases. The locations at which the DNA probes 
separated were measured by the fluorescence generated when laser light was used to irradiate the bottom 
of the gel capillary or the region over which the DNA probes separated during sheath flow. The 
apparatus described in Japanese Unexamined Patent Application (Kokai)No. Hei 3[199l]-234427 can be 
used as the fluorescence measurement system. In the embodiment of Figure 3, the fluorescently labeled 
DNA probes that were eluted from the capillary gel 201 were drawn downwards towards the positive 
electrode container 209 by means of the sheath solution, and during this time, the labeled fluorophores of 
the probes were excited using. laser light that was incident at a location about 0.5 mm below the end of 
the capillary gel 201 from a direction perpendicular to the paper surface (for purposes of simplification, 
the laser 207 is indicated in the plane of the paper in the figure). The fluorescence given off from the 
fluorophore labels was detected with a detector 208 via a lens system and a filter system that are not 
shown in the figure. The strength of the detected fluorescence corresponded to the amount of mRNA 
hybridized to the DNA probes. 

[H018] 

Although FITC was used as the fluorophore 50 in this example, TRITC (tetramethylrhodamine 
isothiocyanate (fluorescent wavelength 575 nm)) or sulforhodamine 1 0 1 (fluorescence wavelength 615 
r m) can also be used. Moreover, by performing labeling with fluorophores having different fluorescence 
wavelengths and using different DNA probe lengths in combination, a few hundred probes can be 
detected at one time. 



1*019] 

The mRNA is much longer (on average, 2 kb) than the DNA probe, and so it accumulates at the 
vicinity of the upper end of the gel during electrophoresis. Consequently, after all of the probes have 
been eluted from the bottom end, the mRNA can be electrophoresed in the reverse direction, trapped 
z.gain using the magnetic beads, and then subjected to assay a second time using a different probe set. By 
this means, numerous mRNAs can be analyzed from a small number of samples. Although mRNA was 
directly investigated in this procedure, the same analysis can be carried out on cDNA produced from the 
mRNA, which has better stability. 



10020] 

fimbodlm*nt 2 

Although mRNA was used in a mixture without modification in the previous embodiment, in this 
example mRNA was separated on the basis of length, and was then analyzed by hybridization with the 
DNA probes. Specifically, mRNA that had been trapped with magnetic beads was released by heating, 
«ind was then separated by agarose gel electrophoresis. In this procedure, a short tubular gel can be used 
1o fractionate the eluted mRNA, or the mRNA can be maintained in a separated state in a long gel, and 
ihe gel can then be excised in order to produce fractions of mRNA. each having a different length. 
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[0021] 

The various fractions produced in this manner were each used as samples, and analysis was 
carried out in the same manner as in the previous embodiment using probe sets. Magnetic beads having 
polythymine oligomers (dT) n and DNA probe sets were added to each of the fractions, thereby bringing 
about hybridization, whereupon the excess DNA probes, etc. were removed by washing. Next, as shown 
in Figure 3, the DNA probes contained in each of the samples were dissociated by heating, and the DNA 
probes in each of the fractions were separated on the basis of length utilizing their different 
efectrophorertic distances. 

[9022] 

According to this embodiment, two-dimensional analysis can be carried out using mRNA size 
and DNA probe size, thus it is possible to measure a few thousand mRNAs in a single run. In this case, if 
cne probe hybridizes to a plurality of mRNAs, then a large number of mRNAs can be analyzed with a 
small number of probes, and moreover, the mRNA to which the probe has hybridized can be determined 
from two sets of information pertaining to probe length and messenger 2 length. 

[•023] 

In this embodiment, a gel electrophoresis device comprising a plurality of gel capillaries as 
cescribed in Japanese Unexamined Patent Application (Kokai) No. Hei 3[1991]-234427 was used in 
order to increase analytical throughput. Fluorescence measurements can be carried out simultaneously 
i.sing such devices as a line sensor, a diode array with associated image amplifier, or a CCD detector. 

1*024] 

Embodiment 3 

In Embodiment 2 above, mRNA was fractionated based on size, but separation and measurement 
can also be carried out by two-dimensional electrophoresis without performing fractionation. This 
procedure involves first trapping the mRNA using magnetic beads as shown in Figure 1 above, followed 
by purification. Next, the temperature was increased in order to release the hybridized adenine-thymine 
chains (polythymine oligomer-polyadenine oligomer hybridization), whereupon the magnetic beads alone 
were removed to obtain the mRNA. The DNA probes were then added and allowed to hybridize to the 
mRNA, and the resulting mixture was introduced into a capillary gel (1% agarose) with an "inner diameter 
erf about 0.5-1 mm. 



10025] 

The top of the introduction opening of the capillary gel was then sealed with a 10 mm length of 
1>oIyacrylaraide gel (8%T, 3%C) or a semipermeable membrane, and electrophoresis was carried out in a 
direction opposite to normal electrophoretic separation (towards the polyacrvlamide gel or 
semipermeable membrane). During this electrophoresis, the free DNA probes moved much faster than 
the hybridized DNA probes, so that they passed through the polyacrylamide gel or semipermeable 
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membrane and were removed in 1-5 minutes. On the other hand, the hybridized DNA probes and mRNA 
remained at the gel surface or in the gel. The hybridomers were then separated by applying an electric 
field in the normal separatory direction. 



[0026] 

After performing electrophoresis for a determined period of time, the tube gel was removed, and 
t**o-dimensional separation was carried out by placing the gel on a polyacrylamide gel plate. This two- 
dimensional separation can be carried out using the apparatus described in U.S. Patent No. 4305799 or 
ether similar apparatus. Specifically, the tube-shaped gel is heated to dissociate the DNA probes from 
t l ie mRNA, whereupon the DNA probes are electrophoresed in a direction orthogonal to the tube gel. 
The types of mRNA to which the DNA probes have hybridized can then be determined from the DNA 
probe length and the mRNA size determined from the horizontal position, and the amount of mRNA can 
be determined from the amount of DNA probe detected. 



[•027] 

In each of the embodiments described above, a description was presented for a case where 
fluorescent labels were used, but labeling can also be performed with a dye having a color such as silver, 
a radioactive element such as 32 P, peroxidase, luminol, digoxigen 3 or other chemiluminescent substances. 
When a dye is used for the label, light absorption is employed as the detection means, and when a 
radioactive element or chemiluminescent substance is used, a technique is employed wherein the 
cissociated DNA probes are held in the gel, where after adding a luminescence reagent for 
chemiluminescent substances, the pattern is transferred to a photosensitive film. 

[10028] 

Effect of the Invention 

By means of the present invention as described above, numerous DNA probes can be 
simultaneously analyzed based on differences in electrophoresis rates of DNA probes which have 
hybridized to the mRNA. The types and amounts of multiple mRNAs can thus be determined 
simultaneously by this means. 

Brief description of the drawings 

Figure 1 . Diagram showing how the mRNA samples are prepared. 

Figure 2. Flow chart showing how the label probes are bound to mRNA that has been trapped on 
magnetic beads. 

Figure 3. Schematic diagram describing separation and analysis of each probe by means of 
electrophoresis. 
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Keyed legends: 



1,2,3 mJRNA 

4 Polyadenine 

~ Magnetic beads 

t Polythymine oligomer 

~ >8>9 mRNA trapped on magnetic beads 

JO Vessel 

H Reaction liquid 

12 Magnet 

13 Magnetic beads 
- 0 Fluorophore 

51,52,53 Dissociated fluorescently labeled probes 

1 0 1 , 1 02, 1 03 Fluorescently labeled probes bound to mRNA trapped by magnetic beads 

201 Capillary gel 

' 02 Negative electrode chamber also functioning as a funnel-shaped sample introduction part 

205 Magnet 

206 Heater 

207 Laser oscillator 

208 Detector 

209 Positive electrode chamber 

210 Magnetic beads 

21 1 Reaction liquid 



Figure 1 

nth mRNA 

2 + unreacted materials 

3 Magnetic beads held with a magnet 

4 Washing 

5 Unreacted materials 
ti nth mRNA 

' T mRNA sample suspension 

Figure 2 



mRNA sample suspension 

« Six equivalent portions 

3 Probo sets 2-6 added 

4 Probe set 1 

5 Added 

6 50 th probe 

7 Capture of magnetic beads with magnet 
3 Washing 

9 Removal 

10 Excess probe 

I J m* fluorescently labeled probe 
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FTigure3 

1 Sample added 

2 Sheath liquid 
2 mth pfobe 

4 Sheath liquid 
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[ a m m&om r n a <omm <t#&a s nan* 

a»t"TS«[*OinRNA©«-/rfC7W^U 
^XSt5DNA^D-^1 0 1, 1 0 2, 1 0 3CO 

fflLHB»fft5. mRNAK:A>f^U^Xl/fcDN 
A^D D*:U H(S©mRNA0^f:A 

«a«c»b»»fl!©SlC*0DNAXP-^ 
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(2) 

1 

A^n-yftHac-rsnMi, 
SjfiII;£ii:SXfi£* 

3 ] meaiNi iftDNA^a-^ 

sffl*^ i - 3 ©^rn*> i 

t>coTabs d a: £«r«£-r*»*H i - 3 <z>^m#> i 

z>z.t swa^t-snMM i - 5 covi-rn^ l 3IE«<Z> 

t^s c: ^^at-r^es^ i - 6 ©vifn^ i mm 

[W*»9] «rEDNA^P«-^ttfi*7f*»$nT ^ 

^z>zt &&WLt-rz>m&m i - 6 <z>i>*rna> i j^esc 
iwsn-rns ^tsiww^ii*? i - 6 ©i^rn 
tt7G**> £ <©»#i»s*ffl-r * - 1 sai** 

[»*3H1 2] ffiffiDN A :/n n&SBt 



^IS¥6-2 9 4 7 9 6 

2 

[BtatHi 3] wedna^d— yjcam^n/tfi* 

2$9 1 0 E*®ttK£ttr#& 

flP©»fe-5l«»<ODNAP r n--^S'g'trKj!l*ftlATi5 

E«*©«i©ft* tc-en-en^issoaft^DNA^ 

A^a-^^^S«l8t, 

«fExes«&tt»s«a»»«#JcaAL-c» i v>m 

ftK#*<0DNA^D«-^&ME*»O«K©ft-«r^6 
aSB3li;SXfi£, 

JBIIIUfcDNA^a--ySiE-co#»fta>|S**iJfflUT» 
[»*B 1 6 ] ffiEfS 1 <z>ft»»lft0ttft»l!ilX#tt 

1 7 ] mmm 2 u y ^ u jvy 

«I15XB16 Etta WK£»r£tt. 

M*ai 8] iEDN A^D-?& 2 *St«*» 

m&m 1 9] stE*»©DNAyD-^*i8ats 

X^te, mE«»*ft«#®K»ttAP 2 OtM* 

fc«»*»$13:ac:<!:tc:«fctjTA«l©DNA^D-^fir 
ffiEfg 2 ©«^»««:*K»»Sii-XttfflE*ail«S 
^il^i±^^<h(Cj;o Xftffit&3k~? * X@ tf £ <h £ 

»ai:*rs»3R«i 5-1 8©^-rn*>i*E«o*st 

15-19 cDv^-rn^ 1 mmmnmmmij 
[^*^ 2 1 ] $amMWii<D&m<o&* \z/\i 7 u y-r 

X^-fr^DNA^n-r/^yD-^ik^ic^-r 
[|f*^2 2] iKKlfc/W^U^Xl/ftDNA 
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(3) 

3 

E*<0WK#*T#tt. 

[BMW! 2 4] «HaDNA^D-^tt«3tffT?a«3 
nt^5^4:S#»ttSII««l 5-2 2o^fn*» 
l3IE«<0W^*r#tt. 

M*12 5] 8BBaDNA^D-^ttfi*T?««$n i0 
W«!:tSW»tt5i*«l 5-2 2©^fn^l 

[Iff #31 2 6] |JEDNA^P-^i4fc*583t««T 
2 3Eft04KR&<^&. 

[«I*E2 9] MTEDNA^D-^lcaiB^nfcfi* 
fc«t«»»JRS*ffl-r*^t*Wai:T*»*3«2 5E 

[»*B3 0 3 8(fEDNA^n-^jr«W$n&fl:* 
[0 0 0 1] 
[0 0 0 2] 

RNA^OWIT^O, IM^mRNA^lStl 
tt«fiiS»»7>f >*-P r U>K©ct5a: i b<0"C, mR 40 

NAoastftstt^ctt^owaai'S^ttaiBott 

TVi$mRNA»rX-en*tfpD«-raeK&»«C:i:t 
SZlt^TfT, JWB©jftrt>SUTfemRNA©»B£* 

[0 0 0 3] ffi*j*T?fiffiB**fCHa-r-6SaKSS 



4$!i¥6-2 9 4 7 9 6 

^/zo Z.(D^mz^^h, ftBt5mRNAl:M^'J 
y<X«DNA (»5Vi|4RNA) ^D— ^*fPHT 

T, mRNA^<*oa*©e«ia3B fc r?ifOcfc'5Jwii* 
TS^ftW^T, *©«W**«T*^ mRNA^ 

^^ftBL^t^T0mRNAS:7^P-XWHM 

<brt$ — >^e^T^o *We©mRNAfc:/Vf 

:x»j^ XTsjfcitttWisnfcDNA^n-^s-fco 

^nnBWi;t§mRNAI;;W^uy-i'X$^ 
mRNA**«n. ««7^Ml?«t)TS 
«mRNACDfi:lBSIl83t7^JUAfcea?L, -enSH^ 
S^i:fc^0B»a:r*mRNA<Z)^r*l»5^ttJB««: 

[0 0 0 4] 

fflrE«*»tt* mRN 
A0fI<OiS$DNA^D-^;W^'jy^XLfc 
^S^TffS&S). -Sl:-lS©mRNAU^l^§ 

A^nsa^^ric^nsaeK&auTffisfcjKwix 

Ti*0mRNA«)S«Ei$ae^S^*5. T^t>^ 
*-CDmRNASH , a<ft+»$^ttftSC!)mRNA© 

[0 0 0 5] #5S91WU u^)j;3^l!if:MTmRN 
A©iSt#ffilSBeR:«l^«Ct*JM4inRNA 

"PttmRNAtftOc-DNA (MDNA) 

[0 0 0 6] 

B»i:-rsll*©inRNA*fc«c-D 
NA (ffiJiDNA) rfefr%««©**fc/Vf :/y^-*f 

ITU yn-^(7)S^<£^n^n^^^^<i:(CJ;oT 
[0 0 0 7] MC/W^U^XbfcDNAXD-^ 

&D N A Xn-y s»*o8B0ft4r «i 6*fii:i 08 
B#>5KIB (tttt) fl^*gi$i±#l!i&c9 

^tCctoDNA^n— ^^^at^aiu, ^ne>DNAX 
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(4) 

5 

[0 0 0 8] *»tt«-&«KD**fflViTfe±^*«, 733 

0 D N A ^D-^$^ittti}t^ 
[0 0 0 9] #DNA^P-?tt«»tt«Bfc 

fi*. ft#*3t*m*^««tefts. 
[ooio] a? 

DNA7 P D-^O^cf!l3ia[C0M>£^Jffi'r^C0T, »w CO 
DNA:/D — ;/<0«M£*3fcfrC 

AyD-^^u^Tff, ^nei^DNAyp 

i*\ S»fcA>f ^iJ^Xl/fcDNA^D- ^KfrSa ^ 
D/fU #SfcJ;DDNAXn-^*«||^63IB«^ia: 
m^ScEtitc J; 0 D N A^n-^ft— flHciMKftffi-rso 

[0 0 11] 

-f£o fc*5, KT©«WB»«fS#*&mRNAtbTff 
5^ c - DNAT»^TfeR«T«55. 

>^urfr- (dT) .*fco&»ftbr--x&ttjfj-r 

U+^l^ AW;tnv^ (^^-tf^-X n^i^if 
**rv9 -trAU— yXrA) (Technical ha 

□dbook, Molecular Biology (Dynabeads biomagnetic s 
eparation system) ) , # v 9 7z/y 

H 'J*— 3\ » 1 8^, 3 6 6 91, 1 9 9 0¥ CNu 
cleic Acid Research 1 8, 3 6 6 9 ( 1 9 9 0) ] \Z 
mmoMD-C&Z. 3s&, ^U^^>^UrTv- (d 

T) n &2miZ.&ft\s1tVf #0*4 ?-7U-b&m 
^T*><fc^ C*— » 13 5 7t, 5 191, 19 
9 2^ (Nature 3 5 7, 5 1 9 (1 9 9 2) ) ] BT1 50 



- 2 9 4 7 9 6 

6 

\Z. mRNA^IK7P-^t. m 1 k^-tj:? 

mRNA 1—3^3' sfcSBfcsl* U T^n>^* 'J 
- (dA) . , 4S^o *ftK»*JC#U?5>*U 
rfv- (dT) B 6£fc^amtf-X5£;&n*_T?g 

-g-r^xh, r^-^^^^tA-f^u^xr^ 

fca£>fc, mRNA«^b-X5t7-9©cJ:5l:^ 

h 1 2C«fcoTS81 OO-flSKlffiU 
«£«ciM"* tmRN AJEWKOfe(D&B*T* - 

%z>* ^:5UT#6n&**^ctte^:^^:■r^T©mR 

[0 0 1 2] **J80raa, 0. lmg0#'Jf5>t 
UrfT- (dT) i s W$o«« tf-XSffl^^flcttft* 
G>mRNAS/W^Uy-fX*1i-T»(IILfc^ 
-XtC^tlf-r-SmRNACOatiH^JKlO. 2 /igtfe 
mR N AOT^Bfi* 2 KSS tt* t ^ntt» 2 
X10 ll ^Cffiit^ ^CO^fc^nS&mRNA 
03b!-ftttl 0 7 - 1 O^fPiTTfeS, 

[0 0 13] *fc0 2fc3a^r«fc'5K:* c-DNA (ffitt 
DNA) =f— XJ^5»ffbJ;5tT*niRNAl: 
A-f ^XtSDNA^D- ^^MtX^-To DNA 

fBL/»mRNAfc»«LTy;P«»»»aa (&HrA) 

D, fHII3nfcDNA^D-^£©mRNAl:/W^ 
U^-fXU&t>©*«WT!$«J:5fcL/T*«. 
[0 0 14] DNA^D-^ 2 P&£»|*tt|iIffi7C* 
^^tgaL/Tt)«J;^^ ^CTHDNA^P-^ 

tf, D N AXD — 7(D&Jz<D 5 ' **fc7S/S«r-l/ 
Tf »F I TC iV)VHrV^> <1Vttzs7*— 
b :R3fc«»5 1 5nm) £^3i*>5o DNA^D- 

^it3oo smm hftifl. »wsmmffi» 2 

UZ> 5 0lODNA^D-^6ft5^^S6lUf 
JBLTfflWfc. DNA^D-^I$«2 O&Xt^S 1 

2om^t&o, fi<fcsfct3*vry Aft 

[0 0 15] DNA^D-^^ h*P<D&7n — 7<DM 
ttlfmol. (7xAh€;W KfH£EI2© 

^T151 2£fll^T«ftt!-Xi:*ftfc##l/fcmR 
NA, $ t:m R N A ICA< ^ U y< X t *giD 
NA^D-^&#|§1 0CO— (BKHfeUjftSBODNA^ 
D-y^-iit^ J2©»«ST1 0 1~1 0 3© 
<t 5 }c«Stb!-X*«l««U&mRN Afc»Bte««:/n- 
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(5) 

7 

[0 0 16] ^CtCigSOcfcolCLT, mRNAC^pL 
— X^fc^iUBO^br^y—WI^ 0 KD±ffiSPtC(0 

Mmmm 2 0 2\zi&mm&&x?z>t, dna^o- 

9, 1-5 3ttT*^*ll/ 

[0017] ^ducffl^sy^ttSKaMsaasx-s-tf 

6M«©#U7^UA'7S H (6%T\ 3%C) 

U^^*;P $-5*MJ, S6 2*. 9 0 01, 1 9 9 
0¥ (Analytical Chemi s try 6 2 , 9 0 0 (1 9 9 20 
0) ) J . ftim(0>f)VE\t2 5cmT4 0 0fi££$ 

*5^^>-X7D-(ti|:DNA^D-^tt4ffllfc 

ytm$, «Atf»IB¥3-2 3 44 2 7-^fcl2it©t><0 

-^2 0 l^^SaibfeMgiDNA^D-^i/ 

^*T«tM^iS*fn]^^*^tr^ i J*-y^2 o i<o* 

«T*»o. 5mmcottM(e:8itt$n^l/-1f^ (ETC ^ 
\Zffim<Dtztb. U-lf 2 0 7 S«B«tH^l/TV^) 

^-^«r^ur«imig2 o 8T«itb$n^c tfcmstifc 

SJtaStt, *©DNA^D-^l:/W^'J^Xt5 
mRNA©il:J}«T5. 
[0 0 18] ^^tfiW5 0tltFITCSl^ 

->7*— N («*Htfi5 7 5nm) ^\ XA^tf-P— ^ 
a>101 Ge3t«fi6 1 5nm) &flJV>T*>«kV>. 35 40 
\Z, «3t«S<Z>a3fe5«3fc#:KJ;*a«tDNA^n- 

[0 0 19] l^it^btmRNAH DNA^O 

-^T«H^6*ffllxfc«, iS!^(pJfcmRNA£*»S 
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8 

mRNASiitftBl^fc^ raRNA^mRNAJ;f3^ 
1£<Z>£ Vi c - D N A fcffi LT H«<©#«f £ff ^ - t *>T 
££o -rfZt>*>. ««tf-Xfcf*»L&^J^>5rU 

X\ZtfmVtz c - D N A £#&«fc»MTS C t *>T€T 

[0 0 2 0] SM6W2] MIB^JSWrttmRNAttfi 
mRNA^T»il/TJ6^D 
N A ^ O - :/£ A-f y U j?<1 X£ *T»«r £ Z. t % T 
i*£o T&to-fe, «fll£— XTM«L&mRNA£*tR 

^O^y^^^OWUT^^COa^^mRNAfeCD^lli 

[0021] £ 5 k lt^s nfc&^^n^n 

*ttT»Wftfr5. #»B«C#U?-5>*U^- (d 
T) nSfeofcSBtaif— XtDNA^n— ^-fe^y b£tn 
AT/W^'J^X$t, *!HiZ)DNA^D-^*S«s 
»LT^t^ &tCH3-C»Wb&J:5K, «-»Pit' 
**nSDNA^n-^san*HB(ll$^ #^©«ca 

^^tS&^^TDNA^D-^^^It^o 

[0 0 2 2] mRNAW-f X<hD 

N A :/D — ;/©lM X&m V>T 2 #C7nWte#*fT?€? *>© 
R=f-©mRNA(0»«f*— «fCff5 2ia:**T*S, 
ltPCDr/D — ^«8tOmRNAfc/W^U 

^x-r^<fc^^ux^< ^^r^^d-^-c* 

<CDmRNAg»«rt5^i:#Tf*, L^fe^D— ^CO 

t ^ y -fe>^t-fi!)ftsa) 2 ^cofflB^f ©^n 

- :/#V W U ^-f X Lx &m R N A £ WJTr £ £ £ 

[0 0 2 3] **»«K*5ViT«, ^W^X^-^ h 
SJitf**:*, ttff31#^¥3-2 3 4 4 2 7*ftCiBiRU 

[0 0 2 4] OUBM3) miaSaK«|2TttmRNA* 
1MX#HL&tf«* »iSii:^fc2 3#C7C««ac»-c»(ll«- 

iC^ b fz <fc 5 mm fcf— X&JS ^ Tm R N A ^Mffi L . 

H-^^>^ (*U^^>^*Urf^ *'J7f^>t 

X«»&»55UTmRNA*#S. ^ntCDNA^D- 

^saiATmRNAtcA-f ^u^-rxs-ss, #e>n^: 
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9 

[0 0 2 5] ^vt!^U— y^©ffiAP©±*ftS 1 0 
mmOM*U 7^1^75 (8%T\ 3%C) 

OMWSKTSCt, *r*ft5Mg£3IMrW (#'J7? 

/W^U^Xl/fcDNA^D-^7»J-© 
D N Ayp-^rM^^ l ffijfi < ii < WffiTZ> CO 

[0 0 2 6] — £RFWJ«»««*»S*fc«, ^3.-^ 

2*7na©^«|^ff'5o il© 2 *tcB *S4$ 
WP3B4 3 0 5 7 9 9^fl*K:aB)R$n^SS^«ft«D 

SrinUKU DNA^n—^mRNA^eJKBHirba&ifc 
«, DNAyn-y^cL-^y;i/i:a[ft*rRiJc*ftS 

i3\ ^£#8ST£<, DNA7'D-^I$i:inRNAO 
*$S«^iej<0ffi1B^SDNA^D— ^A-f^U^-f 
XL^mRNA(DtSWD, ^ai^tlfcDNA^D 
— ^ MNA ©»#*:b3&> 5 . 

[0027] K±<oft^jfi«Ttt***ai€«ffl"rs« 
/— ;i/*^vWiDigoxigcn«fl!>fls*«*a»»cJ;sail 



(6) 1*BB¥6-2 9 4 7 9 6 

[0 0 2 8] 

NAc/wyu^xnDNAyn- 7<omm mm & 

■entJ;oTM!tO!)mRNA©a!Ht«*HWf 
[HI] mRNAteHOWSS^-r^P— H- 

[H2] aaif-xfcMSELfcmRNAtJie^-rsaK 

1, 2, 3-mRNA, 4-#'J7t-X 5»'«fltH 
-X, 6-#U^5>*'J^V-, 7, 8, 9-BaLbf 
a? — yCfcJflBSft&mRNA, 

i, 52, 5 a-iadtbfcat^aw^n-^ 101, 

1 0 2, 1 0 3 -B8»lf-X)&«lilBU&mRN A JCtt-& 

L&iJtSBI^a-^ 2 o tf^u-y;K 2 

0 2 ••* D — hK0>R»S]IPffi«ft«««. 2 0 5 ■»« 

E 2 0 6 -ijnJIfcS, 2 0 7- V— tf— 2 0 8 
-IftffiS, 2 0 9 -IE*BHi. 2 1 0-««tf— X, 2 

1 1 -RJS*. 
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(7) 



&M¥-6-2 9 4 7 9 6 
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■ AAAAAA 
fAAAAAA 2 



'AAAAAA 
A 



+ TTTrrTTT -j.Trr TT T.T 



5 — ' t 



n #BOmRNA 



T TTT 



/pTTTTT 




ft* 




rpT TTTT 

T* 1 AAAAA—'-^^nSS^OmRNA 



TTTTTTTT 
AAAAAA * 



A A J TTTT 
A AAA e 

rtiRNA l*#HBi5*& 
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(8) 



4$H¥6-2 94 7 9 6 



[B2] 





209 



> AAAAAA 
TTTTTTTT 
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TTTTTT i 
^ AAAAr 
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AAAAAA 



T 
T 



A A l TTTT 
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ttAdtk a jama 2tm\H 
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